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ABSTRACT
Muscle proteins usually provide usefiil information and therefore are 
frequently used as valuable diagnostic characters in the classification of fishes at 
species, generic, familial and higher taxonomic levels. The muscle myogen of 
four species of carangids. viz, Decapteriis russelli, D. macrosoma, Selar 
crtmenophthalmiis and Megalaspis cordyla using horizontal slab polyacrylamide 
gel electrophoresis (Gel conc. 7.5%) is reported in the present communication. 
The number of protein fractions and the presumptive loci in muscle of D. nisselli, 
D. macrosoma, S. crumenophthalmus and M. cordyla were found to be 9,7,6 and 5 
respectively. The Rf value ranged from 21 to 84 for S. crumenophthalmus, 2 to 72 
for M cordyla, 15 to 89 for D. macrosoma and 18 to 96 for D. russelli. The 
difference in number of fractions, their mobility pattern and staining intensity 
indicated species-specificity. With the limited number of samples used in the 
present work, there has been an indication of intraspecific polymorphism among 
three species of carangids, being 3.5% in D. russelli, 13.5% in D. macrosoma and 
6.6% in S. Qrumenophthalmus. In M. cordyla no polymorphism was observed. 
This work also revealed that protein fractions in carangids can be used as species - 
specific markers, which could be helpfiil in resolving disputes in the event of any 
taxonomic ambiguity.
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Aquatic ecosystems and resources are of critical importance to human 
population from the time immemorial. Fishes probability surpass all 
vertebrate groups in their variety of social structure and kinds of life 
histories. Fish was not only significant as a portion of protein available for 
consumption but also as a good candidate for various research aspects such 
as taxonomy, biology, fishery, aquaculture and even genetics.
Species forms the taxonomic unit of fishery resource, conventional 
species identification in fishes was done based on the number of scales, 
scutes, fin rays, lateral line, calcified structures, life colour, body propotion 
etc. But this type of morphological identification may be deceiving as the 
morphological characters are susceptible for ecological changes (Menon, 
1989). Species as a general fact cannot remain as a constant entity for long 
periods as it is susceptible to changes due to evolution which may lead to 
speciation. This type of speci ;ation may be due to reproductive isolation 
which transforms the population into different races and subspecies which 
ultimately result in evolution of new species.
The use of electrophoresis to detect allelic and non allelic forms of 
proteins had lead to a revolution in the population and evolutionary genetics 
of man, animals, plants and even in fishes (Kirpichnikov, 1981), by
differentiating heterozygotes and homozygotes. It is an efficient tool for 
identification of new species and for assigning right phylogenetic position 
of the organism. Study of electrophoretically separated protein fractions 
may directly give a good idea of the physiological, ecological and biological 
fractions of the organism. It may also prove useful as a tool in breeding 
programmes for identifying specific enzyme.
Proteins / Enzymes are used as genetic markers which play a 
significant role in fisheiy biology and management. The attributes to genetic 
markers are
* They occur naturally, so useful equally for identifying wild and hatchery 
stocks.
* They are inherited in Mendelian fashion which transmits the markers 
from the parents of one generation to offspring of the next.
* They are usually expressed throughout the life cycle of an individual; 
thus juveniles and adults are equally identifiable.
* Allelic frequencies at protein coding loci tend to be fairly constant over 
time (generations) which reduces the need to revise the standards for 
characterising a population
* Imposing the mark does not require the handling of individual fish, and 
so no trauma results from mark application and retention.
* The mark can be read (and the genotype determined) at a reasonable 
effort and cost.
It has been established long before that proteins are direct products of 
gene action. (Crick 1963; Nirenberg et a l, 1963; Ochoa, 1963). As gene 
controlled proteins form the structural basic source of genetic information at 
various levels of species organisation.
Proteins of different molecular sizes are present in different tissues of 
an organism. For the comparative genetic studies of different proteins, 
complex mixtures have to be isolated and visibly recorded by 
electrophoretic techniques. The principle of electrophoresis is that a 
charged ion or group of ions in a suitable medium of electric field migrate 
towards one of the electrode of opposite charge. Polyacrylamide is recently 
used for electrophoresis to get fine resolution, which can be obtained by 
controlling the pore size and shape of protein molecules as well as charge.
The advantage of protein electrophoresis primarily relate to its speed 
and relatively low cost compared to the DNA techniques; data on hundreds 
of individuals at severed loci can be assessed with in a few days or weeks.
Equipment demands are modest and personnel can be trained quickly to 
interpret gel pattern.
Electrophoresis of proteins has been widely applied for direct study of 
genetic variation in fish population and identification of genetic stocks of 
commercially important fisheiy resources. The variation in the primary 
structure of protein, leading to surface change can be detected by 
electrophoresis and this technique was found to be useful in studying 
problems involving taxonomic ranks, from relationship between orders to 
relationship between species. Polyacrylamide gel electrophoresis (PAGE) 
is found to be more advantageous than other existing electrophoretic 
techniques as it gives a clear resolution of separated protein. Due to the 
existence of morphological plasticity among individuals, conventional 
morphological characters are often found to be deceiving in exact detection 
of a species. This can be overcome by using electrophoresis.
Carangids form the major fishery along the Southern states of hidia 
(Bal and Rao., 1984). In 1996, 1,47000 t of carangids were landed which 
formed about 6.1% of total marine fish landings. O f the 65 species of 
carangids found in the western Indian ocean about 35 species are found in 
the Indian waters. (FAO, 1984). It has been seen that the morphological 
identification of some species belong to carangidae is difficult. Taxonomic
ambiguity was found to exist between species of Decapterus macrosoma 
and D. macarellm, D. kwroides and D. kurroides akaadsi, D. russelU and 
D. macrosoma, D. lajang and D. macrosoma and Caranx kalla and Carartx 
para (FAO, 1984). So it becomes necessary to find out a species-specific 
marker for each fish to study their specific variation and determined their 
population size.
The present work was done using four species of carangids 
{Decapterus russelli, D. macrosoma, Selar crumenophthalmm and 
Megalaspis cordyla) to determine the amount of variation within and 
between the species to reveal their genetic relationship and to characterise 
species-specific markers.

In the early history of fisheries research the fishes were identified 
solely based on morphological character (Schmidt, 1917; Heinke, 1988) like 
number of scales, finrays, vertebrae, body proportions, life colour, 
osteological features etc. Later, little more advanced outlook for 
identification came, which was based on the number of chromosomes and 
the protein patterns (Menon, 1989). The significance of biochemical genetic 
studies can be understood by its diverse application in fish genetic study 
concerning species separation, stock identification and hybridisation 
(Wishard et aL, 1980). Most of the earlier studies were based on 
morphological characters to assess genetic variability within a species, but 
to assess genetic variation based on morphological characters is very 
difficult and tedious (Aim, 1949; Swardson, 1979).
Morphological differences between fishes of different origin are 
caused by environmental factors and large fraction of evidence for genetic 
differences is circumstantial (Ricker, 1972) Realising the role of 
environmental parameters on phenotypic expression in fishes (Ryman and 
Stahl, 1981), modem investigators started applying biochemical technic for 
identification of gene-controlled phenotypes such as proteins and enzymes 
of different tissues of fishes. Protein differences used for comparing species 
dates back to 1906, when Nuttal used immunological methods to compare
serum of human with that of other primates. Phenotypically different 
haemoglobins in human blood were reported by Pauling etal.{19A9).
Considerable theory concerning the dynamics of Mendelian genes had 
developed by the early 1930s. A conceptual framework and drift in the 
creation, maintenance, and distribution of Mendelian genes in natural 
populations were established through the works of Fisher (1930); and 
Wright (1931). For over 30 years, veiy little empirical information was 
available to match the theoretical ground work. Genetic studies during 
1950’s were focused on the immunological procedures till the clarification 
of the structure of DNA molecule by Watson and Crick (1953), which led to 
the understanding of direct relationship between genes and proteins. Starch 
gel electrophoresis (Smithies, 1955), enhanced by application of 
histochemical staining method (Hunter and Market, 1957) added simplicity 
and sensibility of protein variation. In 1959, Raymond and Weintraub 
introduced polyacrylamide as an effective electrophoretic medium which 
showed high resolving power due to its adjustable pore size.
After the introduction of starch gel electrophoresis, genetic 
polymorphism was increasingly studied in fish (Sick, 1961; Ferguson, 
1994). Protein polymorphism were then used for identifying hybrids 
(Tsuyuki and Roberts, 1965b), for defining intraspecific protein structure
(Tsuyuki et a l, 1968) and also for describing allelic frequency variation at 
protein coding loci among conspecific population (Hodgins et a l, 1969).
Genetic variation is the raw material in species populations, which 
enable them to adapt to changes in their environment. New genetic variation 
may arise in a population due to spontaneous mutation of a gene or by 
immigration from population o f genetically different individuals. In several 
organisms including fish species, individuals possessing the most genetic 
variation have shown to have better survival rate or high relative growth. 
Interpretation of genetic variance was done by Utter et a l, (1974). 
Considerable work has been done on genetic variation in different fish 
species. Tsvetneko (1991) had made an analysis on the juveniles and mature 
specimen of Liza atcratus, Mugil cephalus, L. saliens and M.soiuy, The 
result showed that the mullet was simitar to majority of fishes in term of 
genetic variability. Lacson (1992) reported intraspecific variation amcHig 
sample of six species of reef fishes (Chromis cyanea, stegaster partitus, S. 
planitrons, S. lucostiatus, S. dorsopunicans, Thalassoma bifasciatum) and 
foimd that genetic distance and indices of genetic subdivision were small in 
all the six study species, Matsuoko et a l (1995) studied genetic relationship 
and protein variation of two morphologically similar congeneric fishes of 
family osmeridae, {Hypomisus nipponensis and H. pretiosus ) and foimd
that the genetic variation between the two was very low. Genetic divergence 
in Maldivian and Micronesian dames of Pomacentridae (Stegastes 
nigricans, Chrysiptera biocellata, C.glauca, and C. lucopoma) was studied 
by Lacson and Clark (1995) suggest that the Maldivian and Micronesian 
samples represent separate dames.
Genetic relationships in carangjds was studied by Kijma et a l, (1986). 
Genetic divergence and systematic of sparid fishes was investigated by 
Tanguichi et a l, (1986). The amount of genetic divergence among seven cut 
throat {Salmo clarki) subspecies and rainbow trout {Salmo gairdneri) which 
helped in identifying genetically pure populations of these taxa was 
estimated by Leary et aL (1987).
Menezes et a l, (1988-90) studied interspecific divergence and 
intraspecific genetic divergence of sciaenids. Menezes (1990) reported 
genetic divergence in three carangids (Decapterus ruselli, Selar 
cnimenophthalmus, Selaroides leptolepis) and found that the three 
carangids were clearly divided into two groups. Studies on Mugil Cephalus, 
Liza subviridis and Valamugil cunnesius was conducted by Menezes et al, 
(1992). Genetic divergence and phylogenetic relationships among Pomfrets 
(Parastromatus niger, Pampus cxrgentem, Pampus chinemis) were studied 
by Menezes (1993). The results showed average genetic distance among
species which increased with level of taxonomic category which helped to 
divide the three species studied into two distinct groups.
The occurrence of polymorphic locus among the individuals of same 
species is called intra specific variation or polymorphism which occur at 
molecular level as protein or enzyme variability. The electrophoretic 
analysis of intra and inter specific organisms mostly showed species- 
specific patterns. Tsuyaki et a l, (1965a) have discussed the value of muscle 
myogen patterns in phylogenetic studies and intra specific protein variation 
as diagnostic character of stock analysis. Earlier the only method for the 
study of intraspecific variation and racial variation was morphometric and 
meristic characters. Now biochemical genetics have become a useful tool to 
supplement the same (Chakraborty, 1989). Nemipterids (Nemipterm 
japonictis, N. mesoprion and N. delagoae) showed species specificity for 
eye-lens proteins; but for muscle protein, the patterns were uniform for all 
the three species studied (Chakraborthy, 1989). Species-specific 
electrophoretic patterns were detected in Oreochromis mossambiciis and O. 
urolepsis homorum as well as in their Fi hybrids (Urib - Alcocer et a l,
1989). A comparative study made by Dobrovolov (1994) on the non- 
enzymatic protein of five species of Gobio species (G. gohio, G. 
albipinnatus, G. uronoscopus and G. kessleri) revealed species specificity
for myogenic, esterase and malate-dehydrogenase. Species specificity in 
European barbels (Barbus barbus, B.meridionaks and 4 native barbels) of 
South East Asia was studied by Huriuax et ah (1992).
Menezes (1976) studied the eye-lens and serum proteins ofSardinella 
fimbriata and S. longiceps. She found that the eye-lens proteins of two 
species did not show marked differences in the number motilily or staining 
intensity of protein fraction.. Studies on serum proteins revealed major 
difference between the proteins fractions mobility and the amount of 
protein in various fractions. Intra and interspecific relationship of marine 
catfish, studied by Suzuki and Phan (1990) revealed species specificity. 
Species-specific band patterns were showed by Cynoglossus 
macroJepidotus, Pseudorhombus zebrias guagg and Asopia cornuta (Apte 
and Rao, 1992). El-Deeb et a l, (1992) found that muscle myogen of 
different phenotype of red tilapia (Oreochromis niloticus and O. aureus) 
were not similar or species-specific.
In marine and fresh water fishes, the proteins which have been most 
extensively studied included haemoglobins (Sick, 1961), serum plasma 
protein (Nyman, 1965 a,b), muscle myogens (Tsuyuki and Roberts, 1965b; 
1966; Tsuyuki et a i, 1965a) and organ protein ( Nyman 1965 b ). The 
major feature o f the patterns of such bands on the gel medium has shown to
be species-specific. Species-specific protein in freshwater fishes and their 
suitability for a ‘protein taxonomy’, was studied by (Nyman, 1965a). 
Investigation on eye-lens proteins of three flat f\s\iQs(Psettodues erumei, 
Brachiurus orientalis and Psuedorhombus arsius) by Menezes (1979) 
indicated significant differences in the number of proteins fractions, their 
migratory distance and staining intensity, all the indicated characteristics 
of species. Whatt (1987) studied utility of species differences in tissue 
patterns for systematic and evolutionary analysis. Chatteijee (1989) did 
some works on cytotaxonomy and electrophoretic investigation of Indian air 
breathing fishes.
Molecular genetic approaches have proved invaluable, both in 
clarifying taxonomic problems and in enabling the identification of eggs 
and larvae. Genetic techniques are becoming increasingly used, both in the 
taxonomy and systematics. Taxonomical investigations have been greatly 
benefited by species-specific electrophoretic band patterns of protein. 
Today taxonomists are concerned with more of recognising and accounting 
variations within a species (Menon 1989). In recent years, the major 
biological tool applied in the taxonomy of fish is electrophoresis. Study on 
protein pattern have become a valuable tool in elucidation of taxonomic 
problems. In electrophoretic technique, closely related species share many
electrophoretic alleles, but also differ at some gene loci at which they are 
fixed for different alleles (Smith et a l, 1990),
Protein differences between species were used in Australian studies to 
identify fish fillets (Shaklee and Keenam, 1986), to identify teleost larvae 
(Smith and Crossland, 1977) and prawn post larvae (Larvey and Staples,
1990) to resolve taxonomic problems in teleosts (Smith et a l, 1979; Smith 
and Robertson, 1981) molluscs (Richardson et a l, 1982) prawns (Boulton 
and Knott, 1984) and to identify teleost hybrids (Shearer and Mulley, 
1978). In addition, the use of electrophoretic techniques has revealed 
cryptic species in some fishes (Daly and Richardson, 1980). The arrow 
squid fisheiy aroimd Newzealand was thought to be based on a single 
species (Robert, 1979) until an electrophoretic study reveals two species 
fixed for different alleles at enzyme locus (Smith e/a/., 1981). Conversely, 
no electrophoretic differences had been found in 33 enzyme loci between 
two species of rock lobsters, Jasus edwardsii and J. novaehollandias as for 
Newzealand and Tasmania, respectively (Smith et a l, 1980).
Genetic divergence between species has been observed in many fishes 
using biochemical markers (Ayala, 1983), which is usually protein or 
enzyme. The search of genetic markers with true mendelian inheritance 
originated from the intuitive feeling that these markers would discriminate
genetically between populations of most fish species (Ridgway and Klontz, 
1960). Electrophoretic technique is veiy usefiil in the development of 
enzyme and non-enzymatic proteins as genetic markers which help in stock 
identification. Genetic markers are superior to artificial markers and tags, 
as they are natural and can be found in all stages of animals (Kapila and 
Kapila, 1996). A number of biochemical genetic markers for stock 
identification and assessment have been identified for Tuna sp. (Fujino, 
1966; Fujino and Kang, 1968b), Tilapia zilli (Cruz et a l, 1982), marine 
teleost (Smith et al 1990), corigonid (Slecttitova et a l, 1992) and in 
several fi*esh water fishes.
Genetic variants at loci, identifiable by biochemical procedure have 
proved valuable in identifying discrete breeding populations and in 
estimating contribution to stock mixture (Utter, 1991). Differences in the 
morphology and the life history pattern among specific fish populations lead 
to the expectation of genetic differentiation within many fish species and 
contributed to the basis of stock concept (Ryman & Sahl, 1981; Berst & 
Simon, 1981). An abundance o f morphologically and ecologically distinct 
groups of Atlantic herring {Clupea harengus L.), resulted in attempt to 
classify divergent stock at different taxonomic levels (Parrish and Saville, 
1965; lies & Sinclair, 1982). Genetic variability studies in populations of
Atlantic mackeral, Scomber Scombrus L (Jamieson and Smith, 1987), 
Sardine, Sardinops sagax melanostica (Kenya et a l, 1989), red drum, 
Sciamps ocellatm  (Bohlmeyer et al., 1991), Atlantic salmon, Salmo salar 
L. (Me. Elligot et al., 1991), American plaice, Hippogiossoidae platissoides 
(Stott et a l, 1992) and rainbow trout (Herhberger, 1992) were studied using 
polyacrylamide gel electrophoresis.
Biochemical genetic studies of Indian fishes are scanty and are of 
preliminary nature, which are mainly the attempts to find out interspecies or 
species specific protein differences. Some of the examples are flatfish 
(Kasinathan et al ,1992), marine fishes (Manohar and Velankar, 1973), 
Goboids (Natarajan et al., 1975), Bombay duck (Kurian, 1977), oil sardine 
(Rao and Dhulkhed, 1976), mackeral ( Dhulkhed and Rao, 1976; Menezes, 
1986; Menezes et a l, 1990), Mugil cephalus (Bhosle, 1977), Mullets (Rao,
1981), Charma stewartii and Danio dangila (Bhattacharya and Alfred,
1982), Etropliis suratemis, Liza macrolepis and Mystus gulio (Kamalakara 
Rao et a l, 1985), grass carp (Padhi and Khuda-bukhsh, 1989), and 
carangids (Menezes, 1990). Investigations were also done on shrimps and 
oysters (Thomas, 1981; Puthran Prathibha, 1984; Ponniah, 1988; 
Kasinathan and Natarajan, 1980-81). Stock identification studies were done 
in mullets by Reddy (1977) and Rao (1981), cichlids (Mahobia, 1987),
penaeid prawns (Philip Samuel, 1987) and Mugil cephalus (Vijayakumar, 
1992). Basic information on the techniques involved in fish genetics has 
been emphasised in C.M.F.R.I. special publication (Bye and Ponniah,
1983). Jhingran (1984); Das and Jhingran (1989) emphasised on the 
importance of fish genetic resources, its conservation and management in 
India.
The efficiency of biochemical genetics to ratify taxonomic status of 
fish species and identifying polymorphism is well recognised. The above 
review of literature points to the large volume of work being carried out in 
the world over in fish genetics using protein electrophoresis, since 1950’s. 
The present literature review also reveals scarcity of works in Indian 
context. It in important to understand that fishery management should go 
hand in hand with biochemical genetics. The lack of such collaboration 
reflects the confusion and debates over the taxonomic status of several fish 
groups.
3. (S\{cUetoaA^ an(£
3.1. MATERIALS
3.1.1. Collection of sample.
The samples (Decapterus russelli, D. macrosoma,. Selar 
crumenophthalmiis and Megalaspis cordyla) (Plate 1,2,3 &4) and for the 
study were collected from trawl and gillnet landings at Cochin fisheries 
harbour. Majority of the carangid catch were obtained from the trawlers 
operating at 25 km from the shore and 100-120m depth (09^ 57'N, 
7^14*E). The fishes were collected soon after landings and were 
transported in crushed ice. Initially muscle, liver and eye-lens were 
dissected out from the samples for analysis. However, subsequently only 
muscle was used because it was giving more number of bands. Extreme 
care was taken to avoid red muscle while preparing tissue samples. 
Approximately, Ig of tissue was taken by weighing in an electronic balance 
and after that the tissue was stored in aluminium foil at — 2^0^ C prior to 
homogenisation.




3.1.2. Sample extraction
Protein extraction was done using double distilled water and 0.2M 
sucrose medium at different ratios of the sample, and homogenising media, 
(WAO (1;1, 1:2 and 2;l)and 2;1 was found to be ideal, Homogenisation 
was done by using a manual glass homogeniser as well as a mechanical 
homogeniser (Remi). The homogenised sample was then transferred to 
eppendorf tubes and centrifuged at 4^C and lOK. Duration of 
centrifugation was varied at 15 min, 30min and Ih. for standardisation. The 
supernatant obtained was then transferred to another eppendorf and kept at 
—20^C for later use for electrophoresis.
3.2. METHODS
3.2.1. POLYACRYLAMIDE GEL ELECTROPHORESIS.
Horizontal slab polyacrylamide gel is the most recent material used for 
electrophoretic analysis of the samples. The principle of electrophoresis is 
that, the charged ions or groups will migrate towards one of the electrodes 
when placed in an electric field. Since proteins have different net charges 
and different molecular size, they will migrate at different rates within an 
electric field. The rate of electrophoretic migration depends on the net
charge differences, pH and the size and shape of the molecules. The rate of 
migration differ in different ions and their differences is used to separate 
components of a protein mixture.
3.2.2. REAGENTS
3.2.2.1. Gel buffer
Two types of gel buffers were used, one was the separating gel buffer 
and the other stacking gel buffer.
3.2.2.1.a. Separating gel buffer.
Tris buffer of pH 8.9 and 1.8 M was used as separating buffer, which 
was prepared by mixing 10.9g Tris buffer (Tris hydroxy methyl) Amino 
methane with 125p.l TEMED. Separating gel buffer mixture was then 
dissolved in 50 ml double distilled water and the pH of the solution was 
adjusted to 8.9 by using IN HCl as required. The prepared solution was 
then kept at 20®C.
3.2.2.1.b. Stacking Gel Buffer
Tris buffer of 0.5M and pH 6.8 was used as stacking gel buffer which 
was prepared by using Tris buffer (Tris-Hydroxy Methyl) Amino 
methane = 3.02g
Tris buffer was made upto 50ml using double distilled water and pH 
of the solution was adjusted to 6.8 using Con. HCl and the solution was 
stored in bottles and kept at 4^  ^C.
3.2.2.2. Tank buffer
Electrode buffer or tank buffer was prepared from Tris glycine at pH
8.3. Tank buffer was made by dissolving 36.04g of Tris glycine in 2.4 1 of 
double distilled water. The pH was adjusted to 8.3 by adding 2 M Tris 
buffer stock..
3.2.2.3. 30% Acrylamide-Bis-acrylamide stock.
Following was the composition of the stock solution.
Aciylamide = 29. Ig
Bis- acrylamide = 0.9g
Double distilled water = 100ml
The solution was filtered using whatman No.l filter paper and was 
stored in amber coloured screw capped bottles at 4^C.
3.2.2.4. Ammomum persulphate
Ammonium persulphate (10%) stock was always prepared afresh by 
dissolving O.lg of Ammonium persulphate in 1ml double distilled 
water.
3.2.2.5. Loading buffer
Composition of the loading buffer was as follows:
Glycerol = 2ml
Double distilled water = 7ml 
Bromophenol dye = 1ml
The loading buffer was kept in small vials at 4^c..
3.2.3. STANDARDISATION OF METHODOLOGY:
Standardisation of gel concentration was done with three different gel 
concentration such as 7%, 7.5% and 8% (Table 1) and there was no 
resolution of bands in 7% gel. Though with 7.5% and 8% gels resolved 
bands, better results from the former. Finally, Standardisation of the tissue
Table. 1 Gel composition used in electrophoretic analysis of carangids
Gel ccHnposites
7.0% 7.5% 8%
Separating 
gel (50ml)
Stacking
gel
(25ml)
Separating 
gel (50ml)
Stacldng
gel
25(ml)
Separating 
gel (50ml)
Stacking
gel
(25ml)
30%
Acrylamide
bis-ao^lamide
11.67 2.91 12.5 3.125 13.33 6.67
Tris buffer (pH 
8.9)
6.25 - 6.25 - 6.25 -
Tris buffer (pH 
6.8)
- 6.25 - 6.25 - 6.25
Double distilled 
water
7.08 15.85 6.25 15.62 5.62 12.08
10% APS +400* 100* +400* 100* +400* 100*
TEMED
- 25* - 25* - 25*
+ 0 .16%  o f APS in 25ml double distilled water. 
* Micro litres.
for electrophoresis was done. Eye-lens, liver and muscle were taken for the 
analysis and electrophoretic pattern of muscle protein showed better result.
3.2.3.1. Casting of 7.5% gel
The mounting glass plates were first cleaned and wiped dry and then 
the two plates were fixed properly using clamps. To obtain 7.5% gel, first 
separating gel was made by mixing 12.5ml from the 30% acrylamide- 
bisaciylamide stock and 6.25ml double distilled water in a beaker. From 
the 10% APS stock solution, 400|il were taken and made upto 25ml. This 
APS solution was mixed with the acrylamide mixture in a beaker and 
poured in between the glass plates immediately. A layer of butanol was 
spread over it and the gel was allowed to set for some time. A layer of 
water was formed in between the gel and the butanol layer which gave an 
indication that polymerisation had taken place and the gel got set. Then the 
butanol and water layer were discarded and rinsed thoroughly with distilled 
water. Moisture was removed from the gel, using a filter paper. After that, 
the stacking solution was added on top of the separating gel. The stacking 
solution contained 2.91g arcylamide-bis-arcylamide, 6.25ml stacking gel 
buffer, 15.3 ml double distilled water, 100)xl APS and 25\il TEMED. The 
gel was then allowed to set and was kept for 20min at 4^C.
3.2.3.2. Sample application and Electrophoresis
After keeping the gel at for 20 min, it was taken out and the glass 
plates with moulds for wells were lifted slowly from the gel. The gel along 
with the lower plane glass plate was then kept for a prerun for 15-20 
minutes at 75mA current in a horizontal gel electrophoretic unit. Prior to 
that, the power pack was switched on and the cooler was set at lO^C. While 
the prerun was going on, the sample was prepared with 30^1 of loading 
buffer and 60|j.1 of the sample supernatant. As soon as the prerun was 
completed, the 60^1 of that sample was loaded into each well. The current 
flow of the powerpack was then regulated at 65mA. The run took about 2-2 
1/2 h. Once the marker dye reached the anodic end, it gave an indication 
that the run was over and care was taken while running, so as to prevent 
run out of the marker . The gel was then taken out and the stacking gel part 
was cut using a gel cutter and was removed . The separating gel was then 
transferred to a base for staining.
3.2.3.3. Staining procedure for protein (Hurianx and Focant, 1977)
The separating gel was stained in coomassie brilliant blue (0.25%). 
Coomassie brilliant blue of 0.25% was prepared by adding 1.25g of
Coomassive brilliant blue, 230ml of double distilled water, 230ml of 
methanol and 40ml glacial acetic acid.
The stain was poured on to the gel and kept to take stain for 1 1/2-2 h
3.2.3.4. Destaining
After 1 1/2-2 h, the gel kept in staining solution was transferred to the 
destaining solution which was prepared by mixing 150ml methanol, 70ml 
acetic acid and 780ml double distilled water . The gel was then kept in 
destainer to remove the excess stain.
3.2.4. ANALYSIS OF THE GEL
The band patterns were observed in a transilluminator over visible 
light and zymogram of each gel was recorded carefully on a graph sheet for 
species/genera wise comparison and for scoring intraspecifc variation; 
samples were always run in the same gel and under identical conditions, 
exactly similar in all the respects. In the zymogram, bands were serially 
numbered, with the fastest band among all the species getting the first 
number and the slowest, the last. The most commonly occurring protein 
profile of each species was considered as the base picture of that species
and any variation to this pattern was separately recorded to study 
intraspecific polymorphism, if any.
The relative frequency of each fraction was estimated using the 
following formula.
Relative frequency (Rf %)
= Distance travelled by the fraction xlOO 
Total distance travelled by the marker dye
4.
4.1. GENERAL PROTEIN PATTERNS OF CARANGIDS
Comparative picture of the sarcoplasmic protein profile of all the four 
species is presented in Fig 1. The number of protein fractions of the 
skeletal muscle of carangids under study ranged from 5 to 9. Maximum 
number of bands (9) were found in Decapierus russelli (Presumptive loci = 
9) and minimimn number was in Megalaspis cordyla (Presumptive loci =5) . 
Selar cnunenophthalmus exhibited 6 bands (Presumptive loci = 6), while 
Decapierus macrosoma showed 7 bands (Presumptive (loci = 7).
The relative frequency (Rf)value of protein fraction in percentage for 
muscle is given in Table II. The Rf value ranged from 2 to 96 with different 
species. In S. crumenophthalmus, Rf value range was from 21 to 84; in M. 
cordyla, from 2 to 72; in £>. macrosoma, from 15 to 89 and in D. russelli, it 
ranged from 18 to 96. The staining was most intense for the fraction 
5,6,8,10 and 11 for D. russelli; 10 for D. macrosoma; 6,9 and 11 for M 
cordyla and 6,8,10 and 11 for S. crumenophthalmus.
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Fig. 1. Zym ogram  o f  general protein  in m uscle tissues o f  carangids show ing interspecific/inter generic difference
4.2. INTER-SPECIFIC COMPARISONS
4.2.1. Decapterus russeUi with Decapterus macrosoma
Clear cut Interspecific variations were observed in the protein profile 
of D. russelli and D. macrosoma ^ ig .l , Plate 5). In D. macrosoma, total 
number of bands were 7, while 9 bands were observed in D. russelli. The 
protein banding pattern o f the two species showed much variation 
especially, with regard to the bands in the middle region. In D. russelli, the 
middle region is occupied by intensely staining bands 5,6 and 7; while in D. 
macrosoma, the entire region appeared without any bands. Of all the 
bands, only bands 4,8, 10 and 11 alone showed similar Rf values in both 
the species. (Table II).
4.2. 2. Selar crumenophthalmus with Decapterus russelli
In S. crumenophthalmus^ the protein fractions corresponding to bands 
1,5 and 7 o f D. russelli were absent (fig. 1,Plate 6), this was the only 
striking difference between the two genera. The five out of 6 bands of S. 
crumenophthalmus showed similar staining intensity with five out o f 9 
bands of D. russelli. In S. crumenophthalmus and D. russelli, the Rf values
Plate 5 Sarcoplasmic protein patterns observed in
D. russelli
Plate 6 Sarcoplasmic protein patterns observed in 
D. russelli and crumenophthalmus
(2-lOf D. russelli; 12-20 S. crumenophthalmus
were similar for bands 3,4,6 and 11 (Table 0). Overall, both the genera 
appeared to exhibit similar protein band patterns.
4.2, 3. Selar crumenophthalmus with Decapterus macrosoma
The banding pattern and staining intensity differed widely between the 
two species (Fig 1). Among these two species, only one fraction (band 
number 10) showed same staining intensity, and only four bands, viz. 
4,8,10 and 11 showed common Rf value (Table II).
4.2. 4. Megalaspis cordyla with other species.
The protein profile o f M. cordyla was distinct with a prominent 
additional band at cathodal end (band number 13) which was not found in 
any of the other three species compared (Fig l,Plate 7). Totally, there were 
five protein fractions. Two fractions, the fastest (band number 4) and the 
slowest (band number 11) showed same Rf value and staining intensity 
with other 3 species. Bands 4,6 and 11 of M  cordyla showed similar Rf 
value (Table U) and staining pattern of corresponding bands o f S. 
crumenophthalmus. The intensely staining band 9 of this species showed 
similar Rf value with a less intense staining fraction ofD. macrosoma.
Plate 7 Sarcoplasmic protein patterns observed in 
M. Cordyla, D. macrosoma, D. russelli and 
S. crumenophthalmus.
(1-5, M. codyla; 7-10, D. macrosoma ; 12-15, 
D. russelli; 17-21, S. crumenophthalmus)
4.2. 5. Comparison of all the four samples.
The comparative picture o f the four species provided clear cut species
- specific banding patterns (fig. 1,Plate 7). In D. rmselli, band number 5 
was specific to that species which was not found in any of the other species 
studied. For D. macrosoma, band 12 was specific and in M  cordyla, band 
13 was specific. Band 8 was more prominently stained in 5. 
crumenophthalmns. Close similarity o f protein fi'actions was seen between 
S. crumenophihalmus and D. russelli, with regard to the position and 
staining reaction o f protein fi'actions, rather than pattern found in the 
individuals o f the same genus, D. macrosoma and D. russelli. Three out of 
five bands of M. cordyla (fi’action 4,6 and 11) were also found to be closely 
similar with the same fi'actions o f S. cnmenophthalmus.
4.3. INTRA-SPECIFIC COMPARISON
4.3.1. Decapterus russelli
The variation in the number o f bands was comparatively very less 
within the species (Fig 2,Piate 8). Only one out o f thirty samples exhibited 
an additional band between first and third bands, with staining intensity 2x
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Fig.3. Zym ogram  show ing intraspecific polym orphism  in sarcoplasmic protein 
pattern o f  Decapterus russelli 
A = 9 6 .5 %
B =  3 .5 %
Plate 8 Sarcoplasmic protein patterns, observed in 
D • russelli.
and Rf value 87 (Table II). The indicative polymorphism in D. russelli was 
found to be 3.5 %.
4.3. 2. Decapterus macrosoma
In the thirty samples o f this species studied, all o f them except four 
showed similar protein fraction (fig.3,Plate 9). Out o f the four, three 
exhibited a double banding pattern o f intensity 2x and Rf values of 54 and 
58 was found between bands 4 and 8 in the middle zone(Table II). The 
fourth specimen exhibited a single band in the place o f double band which 
showed an intensity o f 2x and shared the same Rf value 58 o f the faster 
band of the former variant. In the indicative polymorphism
was 13.5%.
4.3. 3. Selar crumenophthalmus
All the samples showed similar banding patterns except in two individuals 
(fig.4,Plate 10), in which there was an additional protein fraction towards 
cathodal end with intensity 2x and Rf values 17 (Table II). The indicative 
polymorphism was found to be 6.6%.
4.3. 4. Megalaspis cordyla
All the thirty samples showed similar banding pattems(fig.8).
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Plate 9 Sarcoplasmic protein patterns observed in 
D. macrosoma.
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Fig.4. Zym ogram  show ing intraspecific polym orphism  in sarcoplasmic protein 
pattern o f  Selar crumenophthalmus
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Plate 10 Sarcoplasmic protein patterns observed in 
S. crumenophthalmus.
Rf Values
Fraction Decapteriis
russelli
Decapteriis
macrosoma
Selar
crumenop
hthalmus
Megalaspis
cordyla
1 96 -
-
-
2 - 89 - -
3 83 - 84 -
4 74 75 75 72
5 68 - r -
6 61 - 61 58
7 55 - - -
8 42 42 45 -
9 - 33 - 35
10 23 25 26 -
11 18 18 21 18
12 - 15 - -
13 - - - 2
+
5.
Molecular genetic approaches began to be used in fisheries in early 
1950*s with the o f introduction o f ‘Zone electrophoresis’ by Smithies 
(1955) and ‘Zymogram’ method byHunter and Market (1957). This added 
sensitivity and simplicity to the study o f Protein Variation which enabled 
research workers to reveal various unknown treasures o f knowledge about 
molecular facts and significance of protein study in numerous vertebrate 
and invertebrate organisms. These discoveries opened a new world of 
genetics ‘the biochemical genetics’ which proved that electrophoresis is a 
powerful tool for genetic studies.
Recent researches in biochemical genetics enabled technology 
perfection and formulation o f procedure, but adopting it blindly may not 
give satisfactory result as it is known that the gel concentration, buffer 
composition, pH, amount o f current applied, incubation period,species 
selected etc. can affect electrophoresis and the result. So experiments have 
to be done to standardise the procedure. The de^ee of resolution depends 
on the reliability and method adopted.
In the present short term electrophoretic study on some fishes of the 
family Carangidae, the general protein profile was examined using 
horizontal gel electrophoretic unit. Modifications were made with respect
to gel concentration, tissue ratio, homogenising media and time of 
homogenisation etc. from the standard methodology. According to 
Smith(l968) the upper range o f gel concentration can go up to 30% 
generally electrophoretic studies in fishes is carried out at 7.5% gel 
(Herzberg and Pasteur, 1975; Khan and Gadru, 1988). In the present work 
with carangids too, 7.5% was found working best among the two 
concentrations, viz. 7%, 7.5% and 8% tried.
The samples for electrophoresis was usually homogenised either in 
sucrose, Tris buffer or double distilled water. A comparative study using 
0.2M sucrose and double distilled water was done and foimd that double 
distilled water was ideal for muscle tissues of carangids as the extract in 
double distilled water produced sharp bands with less trailing. Puthran 
(1984) also found that double distilled water was giving better resolution 
compared to Tris buffer and sucrose medium in P. monodon.
The electrophoretic methods have been used successfully for fishes by 
various workers (Utter et a l, 1974; Komfield and Koehn, 1975) Muscle 
proteins usually provide very valuable information. So are frequently used 
as a valuable diagnostic characters in the classification of fishes at species, 
generic, familial and higher taxonomic levels. The value o f muscle myogen 
in phylogenetic studies and inter and intraspecific protein variation was
discussed by Tsuyuki et al. (1965a). Earlier the only method available for 
the study o f intraspecific and racial variation was morphometric and 
meristic characters. However at present biochemical genetics has become a 
useful tool to supplement the same. Genetic inheritance o f muscle protein 
pattern was also reported by interspecific hybridisation experiments 
(Tsuyuki and Roberts, 1965b).
Protein differences between species is specific for individuals 
representing a group. This could elucidate taxonomic problems in the case 
of disputed species (Smith et a l, 1979; Smith and Robertson, 1981). In 
electrophoretic technique, closely related species share many 
electrophoretic alleles but also differ at some gene loci at which they are 
fixed for different alleles (Smith et a l, 1990). Species-Specific nature of 
myogen patterns have been demonstrated in many fishes (Tsuyuki et al, 
1963, 1965, 1968; Herzberg et al., 1975; Mackie and Jone, 1977).
If two different species have same number of electrophoretic fi^ction, 
further close comparison o f relative mobility o f one or more bands could 
reveal well defined species - specific differences (Puthran 1984). Thus in 
electrophoretic studies, species-specificity o f a protein should mean 
primarily the electrophoretic mobility differences of one or more bands. 
Present study with four representatives of the family carangidae showed
species-specific banding pattern. In all the four species compared, the band 
number was different so they can be easily identified as species- specific 
bands. In the study, the banding pattern and mobility observed in each 
species was also specific D. russelli, M.cordyla, S. crumenophthalmus, 
and D. macrosoma exhibited 9,5,6 and 7 number of bands respectively. 
The Rf value o f protein fraction also showed species-specificity which 
ranged fi*om 21 to 84 in 5. crumenophthalmus, 25 to 72 in M.cordyla^ 18 to 
96 in D. russelli and in D. macrosoma from 15 to 89. Similar work was 
done by Menezes (1976) in the eye lens and serum proteiins o f Sardinella 
longiceps and S. fiimbriata and found that two species revealed major 
differences in protein fractions, mobility and amount o f protein fi*actions 
with species specificity. Menezes (1979) conducted another similar study 
on flatfishes Psettodus erumei, Brachiurus orientalis and Pseudorhombus 
arisus and obtaned characteristic protein patterns o f species. Herberg et a i 
(1975) and Mackie et al. (1977) studied on water soluble muscle proteins of 
different species o f fish and found it to be species-specific. Menezes (1984) 
and Chakraborty (1989) found species-specific banding pattern in flying 
fishes and sciaenids respectively.
Chatteijee (1989) studied on primaiy structure of proteins in Indian 
air-breathing fishes and found that variation in primary structure of proteins
can be used in studying problems involving different taxonomic ranks. 
Taxonomical investigations have been greatly benefited by species-specific 
electrophoretic banding patterns o f protein. (Menon, 1989). In the present 
study with four species, the electrophoretic banding patterns confirms their 
status as separate species which have undergone speciation long back 
indicating that the four species are wide apart in their origin.
Fhe individuals o f one species may differ fi*om another if  they have 
distant origin. It is not necessary that morphologically identical species 
should have similar protein banding, this characteristic o f the protein 
banding is used to resolve problems o f taxonomical ambiguity and other 
related disputes (Ponnaiah, 1988). In a comparative study of D, russelli and 
D. macrosoma it was found that even though they belong to same genus, 
D. macrosoma lacks the entire middle zone present in D. ntsselli. O f the 
nine bands in D. russelli and seven bands o f D.macrosoma only band 4,8,10 
and 11 alone showed similar Rf values in both species. This result shows 
that the two species were wide apart fi*om the biochemical point of view 
eventhough morphologically they are almost identical D.russelli and S. 
cnanenophthalmus has similar banding patterns, the only striking difference 
being the presence o f an additional band in the former (Rf value 68) 
compared to S. critmenophthalmus. The Rf values of both species
showed similarity at bands 3,4,6 and 11. ^Fhese indicate a close relationship 
between the two species, despite the fact that they belong to two genera. 
Further studies have to be undertaken using isozymes, mt DNA, nuclear 
DNA etc. to arrive at a final conclusion on their genetic similarity. M  
cordyla was found to have closer banding pattern to S. crumenophthalmus 
with similar Rf value for bands 4,6 and 11. Which leads to a possibility that 
S.crumenophthalmtds, D. russelli and M. cordyla are closely related or they 
have common origin; however to confirm this, further work in required 
using molecular genetic tools. Matsuoka et aL (1995) in a similar work on 
genetic relationship o f coregonid fishes, Hypomesits nipponensis and H. 
pretiosus japonicus proved despite their morphological similarity they 
formed separate species.
Genetic divergence between species can be used as genetic markers 
(Ayala, 1983). The genetic markers are usually proteins or enzymes. 
Ridgway and Klontz (1960) found that genetic markers could be used to 
genetically discriminate between populations of most fishes. Band 5 was 
prominent and intensity stained in D. msselli, siince this band was present 
only in this species this could be considered as species diagnostic protein 
marker. Similarly, band 12 forO. macrosoma, 13 forM  cordyla and 8 for 
S. crumenophthalmus were found to be species specific. Kapila and Kapila
(1996) found that genetic markers are superior to tags. Genetic markers 
was identified using isozymes in Tilapia zilli (Cruz et al., 1982) Tuna 
(Fujino, 1966) and in several other fishes. These genetic markers will help 
to identify stock hybridisation and in various other analytical studies like 
stock assessment.
The first report o f intraspecific muscle protein variation in marine fish 
species is that o f Anoplomoma fimbria (Tsuyuki et a l, 1965a). 
Intraspecific variation is the raw material for population studies. The 
occurrence of polymorphic locus among individuals o f same species which 
occur at molecular level is a valuable tool to determine heterozysosity 
which determine the potential o f a population. In-depth study on 
Intraspecific polymorphism was done by Slechtova et a l (1992) in 
European white fish and peled fishes o f family coregonidea. Which showed 
polymorphism in locus 13. Sacroplasmic protein of Nemepterids also 
exhibited polymorphism (Santos a/., 1993). In the muscle and liver tissue 
oiScMbe intermedins 28-30% polymorphism was seen (Engel brecht et al, 
1994).
Present study on D.russelli showed comparatively low variation of 
about 3.5% with one o f the protein fractions. The polymorphic band was in 
between the and 3*^ *^ band with staining intensity 2x and Rf value 87.
In D. macrosoma the polymorphism observed was 13.5%. The 
samples of this species showed two types o f variations two individuals with 
double band (10%) and one with single band (3.5%) No band(s) with 
similar Rf value(s) and intensity was observed in remaining samples 
(86.5%) of D. macrosoma indicating that it can be a non-genetic variation. 
To reach a proper conclusion, an in-depth study is needed using more 
number of samples from the same population of the species. In S. 
crumenophthalmus approximatly 6.6% polymorphism was observed.
The present work leads to a conclusion that the four species under 
study are valid species and exhibited well detectable species-specific 
protein banding patterns which can be used as diagnostic genetic markers. 
Much confiision exists in taxonomic identification of certain carangids, 
such as D.russelli and D.macrosoma, D. kurroides and D. kurroides 
akaadsi, Caranx kalla and C.para, D. lajang and Z). macrosoma, 
Carangoides cili and Citula drversa based on morphological characters 
(FAO, 1984). The present study revealed that the sarcoplasmic protein 
profiles of carangids can be used as a valuable tool in resolving such
taxonomic ambiguity. It can also be applied to study the occurrence of 
natural hybrids, if  any along the coasts. D. russelli, S. crumenophthalmus 
and M cordyla are closely related to each other with respect to banding 
patterns. On the other hand D. macrosoma and D. russelli o f the same 
genus showed entirely different banding pattern indicating that they could 
be distantly related.
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♦  The present study deals with the electrophoretic profile o f protein in four 
marine teleosts o f the family carangidae {Decapterus russelli, 
D. macrosoma, Selar crumenophthalmus and Megalaspis cordyla) from 
Cochin.
♦  Electrophoretic methodology was standardised for separation of 
sarcoplasmic proteins for all the four species and found that 7.5% gel 
concentration was ideal. Ratio of the sample to homogenising media was 
also standardised and 2:1 (w/v) was found to be ideal. Double distilled 
water gave better resolution than 0.2M sucrose.
♦  The total number o f electrophoretic fractions differed from species to 
species. In D. russellU D. macrosoma, M. cordyla and S. 
crumenophthalmus, the number o f bands observed were 9,7,5 and 6 
respectively.
♦  The Rf values ranged from 21 to 84 in 5. crumenophthalmus, 2 to 72 in 
M.codyla, 15 to 89 in D. macrosoma and 18 to 96 in D. russelli.
♦  Each species provided clear cut species specific banding patterns. In D. 
russelli band 5 was specific, whereas bands 12, 13 and 8 were specific 
for D. macrosoma, M. cordyla S. crumenophthalmns, respectively.
♦  Intraspecific polymorphism was indicated in three of the species studied. 
In D. russelli, polymorphic bands were seen in 3.5% of samples, m D. 
macrosoma in 13.5% samples and in S. crumenophthalmus 6.6% 
samples. No polymorphic bands were observed in M. cordyla.
♦  The present study gives a base-line picture of the sarcoplasmic protein 
profile of four species of carangids available along Indian coast. The 
electropherograms of all the four species studied were species-specific, 
hence can be used as diagnostic genetic markers for identification of 
these species. The protein patterns obtained can also be correlated with 
the same species or o f other species of the family carangidae, to resolve 
disputes in the event o f any taxonomic ambiguity.
6 , 0tefic.ei'
*Alm, M.G. 1949. Influence of heredity and environment on various forms 
of trout. Rep. Svi^ ed. State. Inst. Freshwate, Fish. Res., 29 :29-34.
Apte, D and M. Rao 1992. Electrophoretic studies on eye and muscle 
proteins o f some flat fishes off Bombay Coast. Fish. Technol. Soc. 
Fish. Technol. Cochin. 29 (2): 147-150.
*Ayala, F.J. 1983. Enzymes as taxonomic characters. In : Protein 
polymorphism : Adaptive and Taxonomic Significance, Oxford, G.S. 
and D. Rollinson (eds.). pp 3-36 Academic press, New York.
Bal, D.V. and K.V. Rao 1984. In : Marine Fisheries. Tata Me Graw - Hill 
Publishing Company Limited, New  ^Delhi. Pp 211-228.
Berst A.H. and R.C. Simon (eds.) 1981. Proceeding of stock concept 
symposium. Can, J. Fisk Aqua. Sci. 38 (12).
Bhattachaya, A. and J.R.B. Alfred 1982. Electrophoretic variation of 
soluble protein fractions in tissues o f different size groups of Channa 
stewarti and Dario dansila. Matsya, 8 ; 23-32.
Bhosle, N.B. 1977. Intraspecific variation in the soluble nuclear eye-Iens 
proteins o f mullet, Mugil cephalus (L). Mahasagar, 10 (1& 2) : 23-
33.
Bohlmeyer, D.A. and J.R. Gold 1991. Genetic studies in marine fishes 2. 
A protein electrophoretic analysis o f population structure in red drum, 
{Sciaenops ocellatus) . Mar. Bio. 108 ; 197 - 206.
Boulton, A.J. andB.Knott 1984. Morphological and electrophoretic studies 
of the Paleomonidae (Crustacea) o f the Perth region, Western 
Australia. Aus. J  Mar. Fresh. Res. 35 : 769-783.
Bye, V.J. and A.G. Ponniah 1983. In : Application of Genetics in 
Aquaculture. C.M.FR.I. Spl. PubL, No. 13, 90 pp.
Chakraborty. S.K. 1989. Electrophoretic study of muscle and eye-lens 
proteins o f three species o f Nemipterids. In : Fish Genetics of India : 
Proceedings o f the symposium on conservation and management of 
fish genetic resources o f India, held on 11-13. April, 1986. Das, P. 
and A.G. Jhingran (eds.). 15 : pp 115-118.
Chatteijec, K 1989. Cytotaxonomic and electrophoretic investigations on 
Indian air-breathing fishes. In: Fish genetics of India. Proceedings of
the Symposium on conservation and management o f fish genetic 
resources o f India. Held on 11-13 April 1986. Das, P. and A.G. 
Jhingran (eds.). 15 : pp 83-99.
*Crick, F.H.C. 1963, On the genetic code. Science N.Y. 139 : 461-464.
Cruz, T.A., J.P. Thorpe and R.S.V. Pullin 1982. Enzyme electrophoresis in 
Tilapia zilli a pattern for detecting biochemical genetic markers for use 
in Tilapia stock identification. Aquaculture . 29 : 311-329.
Daly, J.C and B.J. Richardson 1980. Allozyme variation between 
populations o f bait fiish species, Stolephorus heterolobus and 5. devisi 
(Pisces : Engraulidae ) and Spratelloides gracilis (Pisces : 
Dussumeridae) fi'om Papua New Guinea waters. Aus. J. Mar. Fresh 
Res. 31 : 701 -711.
Das, P. And A.G. Jhingran (eds.) 1989. In ; Fish Genetics in India. 
Proceedings o f the symposium on conservation and management of 
fish genetic resources of India, held on 11-13 April, 1986. Today and 
Tomorrows printer and publishing, 24 B/5 Deshbandhu Gupta Road, 
Karol Bagh, New Delhi. 266 pp.
Davis B J. 1964. Disc elecd-ophoresis -II. Method and application of 
human serum proteins. Ann. N.Y. Acad Set 121: 404-429.
♦Dobrovolov, I.S. 1994. Electrophoretic investigation o f protein from 
gudgeon (genus Gobio, Pisces) in Bulgaria with regard to their 
taxonomy. Irtz, Inst Ribni. Resw. Varna. Proc. Inst. Fish. Varna, 22 : 
117-134.
El - Deeb, S.L and M.A. Essa 1992, Genetic approch of red tilapia. Bull. 
Natl Inst. Oceanogr. Fish Egypt 18:105-113 .
Engelbrecht, G.D., F.H. Van-der-Dank and P.F.S. Mulder 1994. Allozyme 
variation in Schilbe intermedim Rueppel 1832 (Pisus Siluriformes) 
from the upper Zamoeri river system. Comp. Biochem. Physiol. 109 b 
(2-3): 511-517.
Feruguson, A. 1994. Molecular genetics in fisheries : Current and future 
prospectives. Rev. Fish. Biol. 4 (3) : 379-383.
*Fisher, R.A. 1930. The Genetical Theory of Natural selection. Oxford : 
Oxford university press.
Fisher. W and G. Bianchi (eds.) 1984. FAO species identification sheets 
for fishery purpose. Food and Agricultural Organisation of United 
Nations Vol. 1-6. pag. var.
*Fujino, K., 1966. Instructions of Collecting blood and Serum Samples 
from tuna fishes. FAO Fisheries Circular No.26
Fujino, K and T. Kang 1968a. Serum esterase groups of Pacific and 
Atlantic tunas. Copea (1) : 56-63.
*Fujino, K and T. Kang 1968b. Transferrin groups of tunas. Genetics 59 : 
79-91
.Gyllensten, U 1985. The genetic structure of fish : differences in the 
intraspecific distribution of biochemical genetic variation between 
marine, anadromous and freshwater species. J. Fisk BioL 26 : 691- 
699.
*Hcincke, F. 1988. Naturgeschichte des Herings, Teil, Abh. dt Seeflsch. 
Ver., Band 2, CXXXVI, 128 pp : text 223 pp., tables.
Herzberg, A. and R. Pasteur 1975. The identification of grey mullet species 
by disc electrophoresis. Aquaculture 5 : 99-106.
Hershberger, W.K. 1992. Genetic Variability in rainbow trout populations. 
The rainbow trout 100 (1-3) : 51-71.
Hodgins, H.O., W.E. Ames and F.M. Utter 1969. Variants of lactate 
dehydrogenase - isozymes in sera of Sockeye Salmon. (Oncorhynchiis 
nerka). J. Fish. Res. Boa. Can, 26 : 15-19.
Hunter, R.L. and C.L. Market 1957. Histochemica! demonstration of 
enzymes separated by zone electrophoresis in starch gels. Science, 
124 ; 1294-1296.
*Huriaux, F. and B. Focant. 1977. Isolation and characterisation of three 
light chains from carp white muscle myosin. Archives Internationals 
In: Physiologic et de Biochimie 85, 917-923.
Huriaux, P., P. Vandewalle and B.Focant 1992. Polymorphism of white 
muscle myosin and parvalbimiins in genus Barbus. (Teleost : 
Cyprinidae). J. Fish. Biol. 41 (3) : 873-882.
lies, T.D. and M. Sinclair 1982. Atlantic herring: stock discreteness and 
abundance. Science . 215 : 627-633.
Jamieson, A and P.J. Smith 1987. Atlantic mackeral {Scomber scomber L.) 
stocks and genes : A review . J. Cons. Ciem. 44 (1) : 66-72.
Jhingram, A.G. 1984, In : The fish genetic resources of India. National 
Bureau of Fish Genetic Resources, I.C.A.R., New Delhi. 82 pp.
Kamalakara Rao, A.P., S. Augustine Chellappa, I. Sambasiviah and P.J. 
Sanjeeva Raj 1985. Isoenzyme studies in cultivable fishes Proc 
Sysmp. Coastal Aquaculture 3 : 984-987.
Kapila, R and S. Kapila., 1996. Utility of Electrophoresis in fisheries 
management and conservation. Fishing Chimes, 30 (2) :15-17
Kasinanthan, R and R. Natarajan 1980-81, Electrophoretic and 
immunotaxonomic studies o f three species of marine gastropods from 
Portonovo coast with reference to population management. J. Indian. 
Fish. Assoc. 10-11 : 25-30,
Kasinathan R., B.N. Desai and S.N. Durivedi 1992. Morphometry and 
electrophoretic studies o f cynoglossus bilineatus (Lac) from Bombay 
water. J, Indian. Fish. Ass. 2 : 110-115.
*Kenya, V.S. and I.G, Rybnikova 1989. Data on the population Genetic 
structure o f Sardine in the North West Pacific. In: Results of studies 
of biological resources in the Northwest pacific. Novikov, Yu. V(ed.). 
Vladivostok. FSSK TINRO : pp 88-96.
Khan, A.R. and M. Gadru 1988. Electrophoretic patterns of blood serum 
proteins of some fish of Kashmir. Trop. Freshwat. Bio. 1 (1): 62-70.
Kijima, A., N. Taniguichi and A. Ochial 1986. Genetic relationships in the 
family carangidae. In; Indo-pacific fish biology. Proceedings of the 
2nd International Conference on Indo-Pacific fishes. Uyeno, T., Arue, 
R-, T. Taniguchi and K. Matsura (eds.). pp 840-848. Icthyological 
Society Japan, Tokyo.
Kirpichinikov. V. S. 1981. In : Genetic bases of fish selection. Spring- 
Verlag Berlin Heidelberg, New York.
*KomfieId, I.L., and Koehn 1975. Genetic variation and speciation in New 
world cichlids. Evolution 29 : 427-437.
Kurian, A. 1977. Effect o f gel concentration on the resolution of muscle 
myogen o f Bombay duck in PAGE electrophoresis. Indian J. Fisk, 24 
(1-2); 248-249.
Lacson, J.M. 1992. Minimal genetic variation among samples of six 
species o f coral reef fishes collected at La Parguera, Puerto Rico, and 
Discovery Bay, Jamaica. Mar. Biol. 112 (2); 327-331.
Lacson, J.M. and S.Clark 1995. Genetic divergence of Maldivian and 
Micronesan dames of the damsel fishes Stegastes nigricans, 
Chrysiptera biocellata, C  glauca and C. laucopoma (Pomacentridae 
). Mar. Biol 121 (4) ; 585 - 590.
Larvey, S. and D. Staples 1990. Use of allozyme electrophoresis for 
identifying two species o f penaeid prawn post larvae. Aus. J  Mar, 
Fresh Res. 41:259.
Leary, R.F., F.W. Allendorf., S.R, Phelps, and K.L. Knudsen 1987. 
Genetic divergence and identification o f Seven Cut-throat trout 
subspecies and rainbow trout. Trans, Am. Fisk Soc. 116 (4) : 580- 
587.
Mahobia, G.P, 1987. Studies on Indian Cichlids. Ph.D Thesis, Cochin 
University o f  Science and Technology, Cochin, Kerala, India,
*Mackie, I.M. and B.W. Jones 1977. The use o f the water soluble 
(sarcoplasmic) proteins o f fish muscle to differentiate the closely 
related species o f hake {Merliiccius sp.). Comp. Biochem. Physiol 59 
b : 95-98.
Manohar, S.V. and N.K. Velankar 1973. Separation of muscle proteins o f 
various marine fishes of Bombay by polyacryalamide gel 
electrophoresis. J. Indian. Fish. Ass. 1 (2), 8-14.
Matsuoka, Norimasa, Takashi Kitana and Makoto Yamazaki 1995. 
Biochemical evidence for genetic differentiation between the two 
Osmerid fishes, Hypomeria nipponensis and H ^retiosus Japoniciis. 
Set. Rep. Hirosaki. Univ. 42 (1) : 41-47.
Me Elligott, E.A. and T.F. Cross 1991. Protein Variation in Wild Atlantic 
Salmon, with particular reference to Southern Ireland. J. Fish. Biol. 
39. SuppA ;35-42.
Menezes,Maria,R. 1976. Electrophoretic studies o f eye -lens and serum 
protiens o f Sardinella fimbriata val. And iS. longiceps val. 
Mahasagar.Bull. Natl. Inst.Oceanogr. 8:117-121
Menezes, Maria, R. 1979. Serum patterns of flat fishes. Mahasagar. Bull 
NatL Inst Oceanogr. 12 (1) : 45 - 48
Menezes, M.R. 1984. Soluble lens protein polymorphism in flying fishes 
fi’om central Arabian sea, Indian. J. Mar, Sci. 13 (2) : 102 - 103.
Menezes, M.R. 1986. An clectrophoretic study of the soluble lens protein 
from the Indian Mackeral, Rastrelliger kamgurta Cuv. Mahasagar,.\9 
(1): 69-71.
Menezes, M.R. and N. Taniguchi 1988. Interspecific genetic divergence in 
Sciaenids from Japan and its adjacent Waters. Jap. J. IcthyoL 37 : 39- 
48.
Menezes, M.R. 1990. Biochemical genetic divergence in three carangids 
from Andaman Sea. Curr, Sci. 59 (4) : 209-212
Menezes, M.R., S. Naik and M. Martin 1990. Genetic and morphological 
variations in Indian mackeral, Rastrelleger kanagurta Cuvier, 1817 
from Goa region. Proc. Indian Acad. Sci. (Anim. Sci), 99 (6) : 457- 
465.
Menezes, M.R., N. Taniguchi and S. Seki 1990. Degree of intraspeciiic 
genetic divergence and variability in three sciaenid species. Jap. J. 
Icthyol. 37 : 39-48.
Menezes, M.R., Maria Martin and Sandeep Naik 1992. Interspecific 
genetic divergence in grey mullets from Goa region, Aquacidture, 105 
: 117-129.
Menezes,M.R 1993. Interspecific genetic dvergence in three Pomfret 
species from the Goa region. Aqitacuh.Fisk.Mamge. 24(3):341-346.
Menon, A.G.K. 1989. Taxonomy and speciation of fishes. In :Fish 
Genetics in India: Proceedings of the symposiim on conservation and 
management offish genetic resources of India, Held on 11-13, April, 
1986. Das, P and Jhingran:, A.G.( eds.)- Publ : Today and 
Tomorrow’s printers and Publishers, pp 75-82
Natarajan, V., T, Kannupandi, A.L. Paul Pandian and R. Natarajan 1975. 
Electrophoretic studies on muscle protein of some Gobioids of Porto 
Novo. BulL Dept. Mar. Sci— Univ, Cochin. 7 (3) : 583-589.
*Nirenberg, M.W., J.H. Mathaei, O.W. Jones, R.G. Martin and S.H. 
Burondes. 1963. Approximation of genetic code via. Cell free protein 
synthesis directed by template RNA. Fed Proc. 22 : 55-61.
*NuttaI, G.H.F, 1906. In : Blood immunity and blood relationship. 
Cambridge, univ. Press. London.
*Nyman, L. 1965a. Species specific proteins in freshwater fishes and their 
stability for a ‘ Protein taxonomy’. Hereditas. 53: 117 - 126.
*Nyman, L. l% 5b. Inter and Intra specific varation of proteins in fishes. 
K. Veniemkamb. Upps. Arsb. 9 :1  - 18
♦Ochoa, S. 1963. Synthetic polynucleotides and genetic code Fed. Proc. 22 
: 62-74.
Odense, P.H., T.M. Allen,, and, T.C. Living 1966. Multiple forms o f 
Lactate dehydrogenase and aspartate aminotransferase in herring 
{Cltq)ea harengus L.) Cm. J  Biockem. 44 :1319-1326,
Padhi, B.K. and A.R. khuda - Bukhsh 1989. Lactate dehydrogenase in the 
grass caip, Ctenopharyngodon idella Cmr. Sci. 58 (18). 1041-1044.
Pamsh, B.B. and A. Saville 1965, The biology of northeast herring 
population. Ocean. Mar. Biol. Am. Rev 3 ; 323-373.
♦Pauling, L., H A . Itano, S.J. Singer and I.C. Welis 1949. Sickle cell 
anaemia a molecular disease . Science, 10 : 543-548.
Philip Samuel, P. 1987. Biochemical genetic o f selected commercially 
important penaeid prawns. Ph.D Thesis, Cochin University of Science 
and Technology, Cochin, Kerala, India.
Ponnaiah A.G. 1988, A study on biochemical genetics o f Crassostrea 
madrasensis o f cochin. In : National seminar on shellfish resources 
and fanning, S Mahadevan, K.A. Narasimham, K. Satyanarayana 
Rao, K.M.S. Ameer Hamsa and P. Muthiah (eds.). CMFRI Bulletin 
No.42, pp. 189-192.
Puthran Prathiba. 1984. Electrophoretic studies on Penaeus monodon 
Fabricus. M.Sc Dissertation. Cochin University o f Science and 
Technology, Cochin Kerala, India.
Rao, S.N. and M.H. Dhulkhed, 1976. Electrophoretic characteristics o f oil 
sardine (Sardinella longiceps) and mackeral (Rastrelliger kanaguta) 
eye-iens protein. Fish. TechnoL, 13 (1) 13-15,
Rao., A.P.K. 1981. Electrophoretic studies in some South Indian 
Mugilidae. A biochemical approach to taxonomy. Ph.D. Thesis, 
University o f Madras. Tamil Nadu, India.
*Raymond, S. And L. Weintraub 1959. Science  ^130 : 711
Reddy, P.S.R. 1977. Bio-Systemic studies in mullets (family-Mugilidae) at 
Porto nova (Tamilnadu) Ph.D. Thesis. Annamalai University.
Richardson, J.R., A.E. Aldridge and P J. Smith 1982. Analysis of tuotua 
populations - Paphais : ubtriangula and P. Jonacing. New Zea J  Zoo. 
9:231-238.
*Ricker, W.E. 1972. Heredity and environmental factors affecting certain 
Salmonid populations, P (19-160). In iTTie stock concept in pacific 
Salmon, R.C. Simon and P.A. Larkin (eds). Univ. British Columbia 
Vancour B.C.
Ridgway, G.J. and G.W. Klontz 1960. Blood types in Pacific Salmon. U. S. 
Fish and Wildlife service special report. Fisheries. 324 : 218 - 219.
Roberts P. E. 1979. Squid. In: Proceedings o f Demersal fisheries 
conference. New Zealand Ministry of Apiculture and fisheries. 
Fisheries reaserch ( Elder, R.D and J.L Taylor ) pp 35-41.
Ryman, N and G. Stahl 1981. Genetic perspectives o f the identification and 
conservation o f Scandinavian stock o f fish Can. J. Fish. Aquat. Set. 38 
: 1562-1575.
Santos, E.E.M ^ d  C.S. Ng 1993. Evidence for genetic variation in Sarco 
plasmic protein o f Nemipterus peronii (Valenciennes)^5ai«, Fish 5ci. 
6 (3) : 265-270.
Schmidt, J. 1917. Racial investigations. I. Zoarces viviparns L. and local 
races of the same. C.R. Trav. Lab. Carls berg. 13 (3) : 277-397.
*Shaklee, J.B. and C.P. Keenan 1986. A practical laboratoiy guide to the 
technique and methodology o f electrophoresis and its application to 
fish fillet identification. CSIRD Australia Marine Laboratories Report 
No. 177.
Shearer, K.D. and J.C. Mulley 1978. The introduction and distribution of 
the carp Cyprinus carpio Linnaeus in Australia. Ans. J. Mar. Fres. 
Res. 29: 551-563.
*Sick, K. 1961. Haemoglobin Polymorphism in fishes. Nature, 192 : 894- 
896.
.Slecttitova, V., Slechta, and M. Valenta., 1992. Biochemical markers of 
coregonids in Czechoslovakia. In : Biology and management of 
coregonid fishes. Todd T.N and M. Lucynski (eds.), 39 (3-4) :563- 
570.
*Smith. L 1968. Aciylamide gel electrophoresis. Sex. I. Techniques of disc 
electrophoresis. In: Chromatographic and electrophoretic
techniqites\ Smith, I. (ed). Vol.l : 104-147. William heinman* 
Medical Book Ltd. London.
Smith, P.J. and J. Crossl^md 1977. Identification of larvae of snapper 
Chrysophrys auratus forster by electrophoretic separation of tissue 
enzymes. New Zealand Jounal of Mar. Fresh Res. 11 : 795-780.
Smith, P.J., B.A. Wood and P.G. Benson 1979. Electrophoretic and 
meristic separation o f blue muomao and sweep. New J, Mar. Fresh 
Res. 13 : 549-551.
Smith, P.J,, J.L. Me Koy and P.J. Machin 1980. Genetic variation in rock 
lobsters Jasm edwardsii and Jasus novaehollartdiae. New Zea. J. 
Mar. Fres. Res. 14 : 55-63.
Smith P.J, P.E. Roberts and R.J. Hurst 1981. Evidence for two species of 
arrow squid in Newzealand Fishery- New Zea. J. Zoo, 9 : 231-238.
Smith, P.J., A. Jamieson. A.J. Birley 1990. Electrophoretic studies and the 
stock concept in marine teleosts. J. Cons. Ciem. 47 (2) : 231-245,
*Smithies, O. 1955. Zone electrophoresis in starch gels: group variation in 
the serum proteins o f normal human adults. Bochem. J. 61 : 629-641.
Snowdon, R J. and K.D. Adam 1992. Allozyme variation in rainbow trout 
from Central north island. New Zealand Trans. Amer. Fish. Soc. 121 : 
810-814-
Stott, W., M.M. Ferguson and R.F. Tallman 1992. Genetic population 
structure o f American p\dXoc.{Hippoglossoides platessoides) from Gulf 
o f St. Lawrence, Canada. Ca?t J. Fish. Aqm t Sci 49 (12) : 2530- 
2545.
Suzuki, H. And V,H. Phan 1990a. Genetic identification of trout strains. 
Aquaculture 46 : 341-351.
Suzuki, H- And V.H. Phan 1990b. Electrophoretic study on intraspecific 
variations and interspecific relationships of marine catfishes 
(Siluriformes, Arius) o f Canai^lla. (Sao Paulo, Brazil) 2. Isozymes 
of Skeletal muscle. Blom. Inst. Oceanogr  ^S. Paulo. 38 (1) : 43-55.
Swardson, G, 1979 . Speciation o f Scandinavian Coregonus. Rep. Inst. 
Freshwater Res. 57:1-95.
Taniguchi, N., M. Fujita and M. Akazaki 1986. Genetic divergence and 
systcmatics in sparid fish from Japan. In Jndo-pacific fish Biology. 
Proceeding o f the second international cortference on Indo-Pacific
fishes, conducted at Tokyo national museum - Ueno park, Tokyo, July 
29 -August 3, 1985. Vyen, T.R. Arai., Taniguchi, T and Matsuura. K. 
(eds,). pp. 849-858.
Thomas. M.M. 1981. Preliminaiy results o f electrophoretic studies on 
marine prawns , Indian J. Fish., 28 (1 & 2 ): 292-294.
Tsuyuki, H. And E. Roberts 1963. Species differences of some members of 
salmonidae based on their myogen patterns. J. Fish. Res. Bd. Can. 20 
(1) : 101-104.
Tsuyuki, H., H. Roberts,, and W.E. Vanstore 1965a. Comparative zone 
electropherogram o f muscle myogens and blood haemoglobin’s o f 
marine and fresh water vertebrates and their application to 
biochemical systematic. J Fish. Res. Bd. Canada, 22 (1): 203-213
7'suyuki, H and E. Roberts 1965b. Zone electrophoretic Comparison of 
muscle myogens and blood proteins o f artificial hybrids of Salmonidae 
with their parental species J. Fish Res. Bd. Can. 22 : 767-773.
Tsuyuki, H., R.H Kerr, J.F. Utter and C.W Clarke 1967. Comparative 
electropherograms o f family Catostomidae. J. Fish. Res. Bd. Canada 
.24 : 299-304
Tsuyuki, H., E. Roberts, R.H. Lowes, W. Hadaway and S.J, Westrhein 
1968. Contribution of protein electrophoresis o f rockfish 
(Scorpaenidae) Systematics. J.flsh Res. Bd. Can. 1 : 2477-2501
Tsvetnenko, Yu. B. 1991. Biochemical polymorphism and ^netic  
variability o f mullets. J. IchthyoL 31 (2): 64-75
Uribe Alcocer, M., G. Vera Munoz and J. Arreguin Espinoza 1989 
Electrophoretic specific markers of Oreochromis mossamhicus and 
Oreochromis to'olepis homontm (Pisces : Cichlidae). An. Inst Cienc. 
Mar. Limnol Univ. Nac. Auion. Mex 16 (2) : 199-206.
Utter, P.M., G.J. Ridgway,. and J.W. Warren 1966. Serological evidence 
for inbreeding o f Lahontan cut-throat trout, Salmo clarki in summit 
lake Nevada. Calif. Fish Game 52 : 180-184.
Utter, F. M, H.O. Hodgins and F.W, Allendorf 1974. Biochemical genetic 
studies o f fishes : Potentialities and limitations, hi: Biochemical and 
Biophysical perspectives in marine biology. Vol.l pp 213-237. 
Academic press, San Francisco.
Utter, P.M. 1991. Biochemical genetics and fishery management historical 
perspective. J. Fish Biol. 39 suppl. A. 1-20.
Vijaya kumar, S. 1992. Studies on biochemical genetics of the grey mullet, 
Mugil cephalvs (Linnaeus). Ph.D Thesis, Cochin University of 
Science and Technology, Cochin, Kerala, India. 113 pp.
*Watson, J. And F, Crick 1953. Genetic implications of the structure of 
deoxyribonucleic acid. Nature 171 : 737-738.
Whatt, G.S 1987. Species differences in isozyme tissue patterns their utility 
for systematic and evolutionary analysis. In : Isozymes; current topics 
in biological and medical research. Market, C.L (ed.). Alan R. Liss 
Inc; Newyork. Vol XV : 1-26.
*Wishard, L.N., J.E. Seeb and F.M. Utter 1980. Biochemical genetic 
characteristic o f native trout populations o f Owyhee County, Idaho. In 
: Final Report, Bitreau o f land management, Bois district office, 
Pacific fisheries Research, 509, East 12th /lO, Olympia, Washington 
98501.
*Wrght, S. 1931. Evolution in mendeiian populations. Genetics. 16 : 97- 
159.
* Not referred in original
